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(54) Titie: METHOD FOR TREATING COTYLEDONOUS PLANTS 
(57) Abstract 

Application of an aqueous solution containing a matrix polymer and oligomers of chitosan to the foliage of growing plants increases 
the yield of vegetables, tubers, cereal grains, fruits, and blossoms. Plants so treated are healthier, sturdier, more resistant to drought, and 
many varieties enjoy an extended period of production. The plants may be effectively and conveniently treated by spraying the foliage with 
a solution containing 0.005 % to 5.0 % by weight matrix polymer and chitosan oligomers in such amount that the weight ratio of chitosan 
oligomers to matrix polymer is 0.01 to 10.0. 
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TITLE 

MTTTHOT) FOP TWF AT1NG CP ™ FttONOTTS PLANTS 
ctft n nv INVENTION 



The Invention is directed to a method for treating cotyledonous plants to improve 
the yield, health, and vigor of the plant by spraying on the leaves an aqueous 
15 solution ofchitosan oligomers in a matrix polymer. 

HAnCGROUNT t Off TTTE INVENTION 
It has been amply demonstrated that application of chhosan salts to the 
seeds of cereal crops results in dramatic changes in the biochemistry of the 
20 emergent plant. Included among these changes are (1) increased production of a 
class of compounds known as the phytoalexins which provide protection against 
localized microbial infection, and (2) increased production of callose and lignin, 
which provide structural strength and function as a barrier to the spread of 
infection. These changes occur as a result of activation of the gene encoding the 
25 ^mzphenylalamne ammonia lyase which is involved in the rate determining 
stepofthephenylpropanoid metabolism pathway. Chitosan salts have been 
shown to induce synthesis of the terpenoid phytoalexins which are closely 
involved in the biosynthesis of growth hormones such as gibberelic acid and 
abscisic acid . Chitosan salts also induce activation of genes which produce 
30 chitinase and glucanase enzymes that are known to be fungal inhibitors and to 
play a role in pollen development and seed germination, as well as activation of 
genes which produce protease inhibitors that help protect the plant from insect 
attack. On a macroscopic scale, these changes translate into enhanced root 
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of a solution containing both a chitosan salt and oligomers of chitosan that results 
in increased yield, better draught resistance, and improved overall vigor. The 
chitosan salt is prepared from chitosan of molecular weight greater than 50,000 
5 amu (atomic mass units, daltons) and an acid that forms a water-soluble chitosan 
salt . The chitosan oligomers are defined as short fragments of chitosan chains 
having a degree of polymerization of 2-50, which corresponds to a molecular 
weight of approximately 320-10,000 amu. While application of the techniques 
disclosed in US 5,726,123 convey significant benefit to the user, there are certain 
10 drawbacks to employing the described technology. Chitosan is relatively 

expensive; it dissolves in dilute acids only with difficulty; and results in solutions 
with very high viscosity. Special techniques for preparing chitosan salt solutions 
are described in US 5,726,123, but even when these techniques are employed it is 
difficult to get flowable solutions of more than a few percent concentration. This 
1 5 limit on concentration poses significant operational problems for application in 
the field on a commercial scale. To apply the formulation to a crop, large 
quantities of dilute solutions containing chitosan salt and chitosan oligomer must 
be formulated, packaged, shipped to the grower, stored, transported to the field, 
transferred into spraying equipment, and applied to the crop at considerable 
20 economic penalty. Modem agricultural practice is ill suited for this type of 

operation because it generally employs equipment that is designed to work with 
highly concentrated agrichemicals that are typically 30-80 % active agent. Aside 
from the purely economic factors noted above, working with an agrichemical at 
low concentrations would necessitate changes in cultural practice that would make 
25 marketplace acceptance difficult. 

STTMMARY OF TUT. INVENTION 
This invention is directed to the application of a solution containing both 
chitosan oligomers and a water soluble polymer to the foliage of cotyledenous 
30 growing plants to enhance their yields. Plants so treated are healthier, more 
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serves mainly as a matrix to bind the oligomers to the plant and to inhibit loss 
of water-soluble oligomers from the plant during rainfall or heavy dew. The 
5 chitosan salt also provides a minor source of chitosan oligomers derived by 
the natural degradation processes that cleave the chitosan chains into smaller 

and smaller fragments. 

A direct consequence of this finding is that since the active agent (chitosan 
oligomers) is the minor constituent of the mixtures earlier disclosed, new 

1 0 formulations may be devised which contain less chitosan salt relative to 

chitosan oligomers than those described in U.S. 5,726,123, and hence a higher 
concentration of active agent at a given chitosan salt concentration. Since it is 
the high MW chitosan salt that is the principal determinant of solution 
viscosity, this means that solutions may be formulated with a higher 

1 5 concentration of active ingredient at a lower viscosity, thereby overcoming the 
limitations of working with dilute solutions noted earlier. 

A second direct consequence is that the chitosan salt may be replaced by 
other polymers (matrix polymers) that are able to keep the chitosan oligomers 
20 from being washed from the plant upon exposure to water, and which may 

possess other advantages over chitosan salts in particular applications. While 
chitosan salts offer the advantages of serving as a continuous source of small 
quantities of chitosan oligomers through degradative processes, and becoming 
more moisture resistant with the passage of time, they have the disadvantage 
25 of forming aqueous solutions of very high viscosity, even at low 

concentration. Solutions of other polymers at equivalent concentration can 
have lower viscosity, thereby avoiding the disadvantages noted above. 

Chitosan salts are particularly well suited to the purpose of protecting 
30 chitosan oligomers from rainfall and dew. As mentioned above, films formed 



5 



BNSDOCID. <WC ..9940790A1 J_> 



SUBSTITUTE SHEET (RULE 26) 



WO 99/40790 

PCT/US98/09027 

from chitosan salts of volatile acids become m «r 

soluble and therefor. Ptogresstvely less water- 

e ana, therefore, more resistant to rainfall and dew wi,h ,h 
•int.. As Wsinsolubilization continues daeuhlul r 
wMun the chitosan sal. ffl m hen Vomers contained 

p^^dirjr^r^r"^^^ 

-poatl^t " " h,Ch 7 be ~ed inth e sp r, y or int roduced 

bailed below WbHechl , P "°" " ^""^ is 

°Wa froo, 2 T ^ * — 

nunfiu, there are Scared disadvantages caused by 



6 



SUBSTITUTE SHEET (RULE 



WO 99/40790 



PCTAJS98/09027 



the high viscosity of chitosan as previously noted. With the knowlege that the 
chitosan oligomers are supplying the bulk of activity, it is now possible to 
prepare formulations with concentrations of active ingredient comparable to 

5 other agrichemical products (30%-80% wt.) without incurring the penalties 
associated with high viscosity. This can be done because the chitosan 
oligomers readily dissolve in water at high concentration, and the resulting 
solutions are not of inordinately high viscosity. A relatively small amount of 
chitosan salt is sufficient to bind the oligomers to the plant and protect them 

10 from moisture, thereby avoiding high viscosity. 

It is a generally observed phenomena that high molecular weight 
polymeric materials are slow to dissolve even in solvents in which they can 
ultimately be dissolved in high concentration. A number of factors are 
15 involved in this apparent discrepancy . One of the more obvious factors is that 
the long polymer chains are intricately intertwined so that a molecule which 
has one of its ends at the surfece and readily available for solvation, may have 
its opposite end deeply buried within the solvent-deprived interior defined by 
the bulk phase of the polymer. Dissolution cannot occur until solvent has 
20 diffused into the interior to solvate the protected part of the polymer chain . 
The languorous nature of the diffusion process is partly responsible for the 
slow rate of polymer dissolution. For purposes of the present invention, this 
phenomenon can be employed in useful fashion. Chitosan oligomers may be 
embedded in a wide variety of water soluble polymers other than chitosan 
25 salts and still be protected from rainfall and dew by the slow rate at which the 

polymer dissolves. Provided that the moisture exposure is of relatively limited 
extent (as is often the case with dew or light showers), the polymer, by its 
slowness in dissolving, will provide protection for the oligomers even though 
it would ultimately fail under more strenuous conditions such as prolonged 
30 periods of heavy rainfall. 
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B. Chitosan Oligomers 

Techniques are well knpwn in the literature for causing scission of 
dutosan chains using acid or enzyme catalysts. Depending on the starting 
matenal and reaction conditions chosen, the extent to which chain scission 
occurs can be controlled so *at the resulting fragments are large enough to be 
considered still as chitosan (DP>250). At the other extreme, chain scission 
can be conducted under conditions so rigorous that the only products are the 
monomeric species ^glucosamine and N-acety,-D-glucosamine (DM, For 
present purposes, the term "chitosan oligomers" is intended to refer to those 
homopolymers and copolymers of D-glucosamine and N-acetyl-D- 
glucosamine having a degree of polymerization (DP) of 2 to 50 corresponding 
to molecular weight of about 320 to 10,000 amu. Procedures for preparing 
such chttosan oligomers by acid catalysis have been described by Horowitz, 
Roseman, and Blumenthal (J. Amer CW c 1957 , ^ 5MM9) 
Procedures for preparing such chitosan oligomers by enzymatic cleavage have 
een described by Li, Brzezinski, and Beauueu ^tPh^i^ 
1995, 33 (5 ), 599.603. Theehitpsan oligomers used in the present study were 
prepared by a modification of the methods of Li, et al. Chitosan oligomers 
were prepared by adding chitosanase enzyme (from the actinomycete 
KitasatosporiamiA) to a solution of chitosan acetate at 37.55C After31 hr. 
the mtxture was heated to 85C to denature the enzyme, and the product 
concentrated under vacuum at 35-40C and then lyophilized to dryness Size 
excluszon chromatography on a Supelco-TSK Column G-OIigo-PW with a 
mobtle phase containing 0.03 M acetic acid and 0.2 M sodium sulfate revealed 
that 41% 0 f the resolved oligomers were of DP (degree of polymerization)<7 
and 59% of DP 6-28. 



C. Matrix Polymers 
30 1. In General: 
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must be environmentally innocuous, and also be water soluble in order to 
facilitate preparation of a solution to spray on a plant . These polymers must 
also be able to attach to the surface of the leaf , and should therfore be capable 
5 of forming hydrogen bonds with polar sites such as -OH on the leaf surface. 
Polymers containing -OH, -NH or other polar functional groups such as 
carbonyl and amido groups are capable of such hydrogen bonding. A detailed 
review of structural features essential to hydrogen bonding is found in 
Advanced Organic Chemistry by J. March, McGraw-Hill, N.Y.,N.Y.,1977, 
10 pp. 75-78, hereby incorporated by reference. In order to prevent the oligomers 
from being washed from the plant by moderate rainfall or dew, the polymer 
must dissolve slowly enough in water to provide the necessary protection 
under field conditions . Different chemical classes of water soluble polymers 
vary greatly in the rates at which they dissolve. But even within a given class 
15 of polymers, the rate of dissolution may vary widely because of differences 
in such characteristics as molecular weight and the nature of terminal groups 
at the end of the polymer chain. Therefore, suitable candidates for use as 
matrix polymers are those which (1) can be dissolved at a concentration of 
0.5% wt. or higher in water, (2) are environmentally innocuous, (3) contain 
20 functional groups capable of forming hydrogen bonds, and (4) meet the 

< 

following insolubility criteria: 

Cast a film of the polymer 0.2 mm thick on a roughened plate by 
evaporation of solvent from an aqueous solution of the polymer. This may be 

25 accomplished by spotting approximately 2 mL of 4% polymer solution onto 
an area of 4 cm 2 ' Other combinations of solution concentration , sample size 
size, and area may be used if desired so long as approximately 20mg polymer 
per cm 2 is delivered. For polymers of low solubility, multiple spotting may be 
required with partial evaporation of solvent between applications. Dry the film 

30 at to constant weight at 50-70C, and determine the weight of the film by 
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difference. Immerse the film in water at 22C for 0.5 hour without agitation, 
then remove the plate and again dry to constant weight. Determine the weight 
of polymer remaining on the glass by difference. If more than 40 •/. of the 
polymer in the original cast film remains, the candidate polymer has sufficient 
^stance to dissolution to be suitable as a matrix polymer for protection of 
chitosan oligomers. 

Provided they meet the above criteria, suitable matrix polymers may be 
naturally occurring or synthetic, or mixtures thereof. Among the classes of 
natural polymers that will include suitable members are soluble 
polysaccharides, alginates, polyhydroxyacids, polyaminoacids 
polyaminosaccharides and soluble chitosan salts. Other suitable naturally 
occunng polymers will be obvious to one skilled in the art. Among the 
syntheuc polymers that will include suitable members are polyethers 
polyacetais, polyesters, and polyamides, and poly(alkoxy cellulose) ' 
compounds, such as carboxy methyl cellulose. Other suitable synthetic 
polymers will be obvious to one skilled in the art. 

2. Chitosan as a Matrix Polymer 

Though chitosan is a naturally occurring polymer found inmanyfungi it 
«s neuher abundant nor readily isolated from natural sources in high purity 
As a matter of convenience, chitosan is more readily obtained from chitin 
which, after cellulose, is the most abundant natural polymer. Chitin is readily 
isolated from shellfish or insect exoskeletons, and is also found in mollusks 
and fungt. ,A convenient method of obtaining chitosan from the chitin found 
- shellfish waste is described in U.S. 3,862,122 (Peniston). Although there is 
.continuum of compositions possible between the pure homopolymers, poly- 
N-acetyl-D-giacosamine and pure poly-D-glucosamine residues. For present 
purposes, the term "chitosan" is intended to apply to copolymers of D- 
glucosamine and N-acetyl-D-glucosamine containing 0-3 5 o/ 0 N-Acetyl-D- 
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glucosamine residues and having a molecular weight greater than 50,000 amu 
and corresponding to polymer chains in which about 250 or more monomer 
units are joined together (degree of polymerization or DP - 250). Since the 
D-glucosamine residues of chitosan bear a basic amino function, they readily 
form salts with acids. Suitable acids for making the chitosan salts for use in 
the invention are those which form water-soluble salts with chitosan. It is not 
necessary that the acid itself be water-soluble; however, such water-soluble 
acids are preferred because of ease in handling them. Inorganic acids which 
form water-soluble chitosan salts include the halogen acids and nitric acid but 
exclude sulfuric and phosphoric acids because they do not form water-soluble 
salts with chitosan. Organic acids are preferred and include the following: 
lactic acid, glycolic acid, glutamic acid, and acetic acid. Acetic acid is most 
preferred because it is inexpensive, environmentally innocuous, and 
sufficiently volatile so that insolubilization of the corresponding chitosan salt 
is readily accomplished. 

Commercially available chitosan is typically prepared from shellfish and 
has a molecular weight measured in the hundreds of thousands, corresponding 
to polymer chains in which several thousand monomer units are linked 
together in 0-1,4 fashion. Chitosan obtained from fungal sources is typically 
of somewhat lower molecular weight and may contain fractions with 
molecular weight as low as 50,000 amu (atomic mass units, daltons). The 
chitosan used in this study was obtained from shrimp or crab shell, and 
contained about 75-82% D-glucosamine residues which is typical of 
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conunercially produced chitosan. It was readily soluble in dilute aqueous 
solutions of mineral and carboxylic acids. 

D. Additives 
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E. Oligomer/Matrix Polymer Solutions 



A nuxture of chitosan oligomers and a suitable matrix polymer may be 
apphed to the foliage of growing p,ants by spraying with an aqueous solution 

' orbyothertechniqueswhich 
w 11 be readriy apparent to one skilled in the art. The preferred technique is by 
so.ut.on spraying which eliminates the problems associated with settling of 
d-sperstons, or the dust inhalation hazard associated with app ,y ing solids t0 Ae 
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plant. It is preferred to use spray solutions having a matrix polymer concentration 
of 0.005 % to 5.0%, and most preferred to use solutions with concentration of 
0.01% to 0.5 % . Solutions in this concentration range have viscosities compatible 
5 with the use of commercial spraying equipment . It is preferred to use solutions in 
which the weight ratio of chitosan oligomers to matrix polymer is in the range 
0.01 tolO.O and preferably in the range 0.05 to 5,0. Solutions in this range of 
concentration require an application rate of about 5-150 gallons per application 
per acre to achieve correct dosage which is compatible with the normal operation 
10 of commercial spraying equipment. As a matter of convenience, it is generally 
desirable to prepare a concentrate containing chitosan oligomer and matrix 
polymer which may be diluted with water at the site of use prior to application to 
the plant. Eor typical field operations, it is convenient to dilute the concentrate 
with 100-500 volumes of water, so the concentrate should be prepared so as to 
15 contain the correct amount of chitosan oligomer and matrix polymer after such 
dilution. 

For most matrix polymer/chitosan oligomer combinations, preparation of 
the concentrated solution is straightforward. The desired amount of matrix 
20 polymer is dissolved in the appropriate amount of water, cooled to ambient 

temperature if heating has been employed to aid in dissolving the matrix polymer, 
and the appropriate amount of chitosan oligomers added with mild agitation. 
When a chitosan salt is chosen as the matrix polymer, a more specialized 
technique is employed since the chitosan must be converted into a salt during the 
25 dissolution process. A preferred method when a chitosan salt is chosen as the 
matrix polymer is to form an aqueous dispersion of chitosan at a temperature of 
45-85 C and preferably at 55-75C and to then add the acid. It is preferred that the 
reaction temperature be at least 45C in order to have a rapid rate of reaction 
without the necessity of using a large excess of acid. On the other hand, it is 
30 preferred that the reaction temperature not exceed 85 C in order to avoid 
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discoloration and to assure stabil ity of the water-soluble salt. Chitosan oligomers 
addmves, and coadjuvants can be added to the reaction solution at any stage but'it 
•s preferred that they be added after the reaction is complete and the solution has 
cooled m order to minimize any secondary reactions. 

It is not necessary to evaporate the applied solution. In fact, it is preferred 
not to do so for the reason that adsorbtion of the chitosan oligomers into the plant 
takes place rapid.y from the liquid state. However, evaporation of the solution to 
apparent dryness will ordinarily take place due to normal atmospheric conditions 
The amount of residual moisture remaining in the matrix polymer will depend on 
the chemical nature of the matrix polymer as well as the temperature and relative 
humKhty. In all but the most extreme field conditions , some moisture will be 
retamed by the matrix polymer arid thereby provide a mechanism for conveying 
15 the chitosan oligomers to the interior of the plant. 

G. Treatable Plants 

A wide variety of cotyledonous plants can be advantageously treated by 
me method of the invention, so long as the treatment is carried out in the manner 
descnbed above. Such plants include members of the genera Allium, Appium 
Asparagus, Beta, Brassica, Capsicum, Citrullis, Cucurbita, Daucus, Frageria 
Lactuca, Lycopersicum, Phaseolus, Solanum, Spinachia and Zea Among the 
members of these genera of vegetables are asparagus, beans, beets, broccoli, 
carrots, celery, corn, egg plant, lettuce, melons, onions, pea, peppers, potatoes 
spinach, squash, strawberries and tomatoes. 

H . Safety 

A further advantage of the invention is that the chitosan oligomers 
non-toxrc. By choosing a matrix polymer that is of similar low toxicity (e g 
polysaccharide ), the compositions of the invention will be non toxic to birds 
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mammals, or humans. Moreover, the low toxicity level and easy biodegradability 
of the compositions act to prevent detrimental effects on the beneficial 
constituents of fertile soil layers. Accordingly, EPA has established an exemption 
5 from the requirement of a tolerance for residues of poly-D-glucosamine, when 
they are used in the production of raw agricultural commodities. 

EXAMPLES 

10 Test Procedure 

A chitosan acetate solution was prepared by vigorously stirring the 
appropriate amount of water at a temperature of 60 C and adding small flakes of 
chitosan containing 80 % D-Glucosamine residues at such a rate that the chitosan 
became wetted and dispersed throughout the liquid phase. Glacial acetic acid 
15 was then added in the ratio of 0.36 lb. of acetic acid per pound of chitosan. This 
represents a ratio of 1.03 equivalents of acetic acid per mole of amino function in 
the chitosan. The mixture was stirred at 60 C until substantially all the chitosan 
had dissolved , and the resulting solution then filtered through coarse cheese cloth 
to remove any adventitious particles. The quantities of water and chitosan were 
20 chosen so that the chitosan concentration (exclusive of the acetate anion) was 5.0 
%. A portion of the resulting solution was diluted to a chitosan concentration of 
2.5 % and used in Examples I and H to illustrate the effect of chitosan salt only 
on the test plants. Solid chitosan oligomers were added to a second portion of the 
chitosan acetate solution equivalent to 5 % of the weight of chitosan (exclusive of 
25 acetate anion) and the mixture briefly agitated to ensure dissolution of the 
oligomers. This solution was then further diluted with water to a total 
glucosamine (chitosan salt plus chitosan oligomers) concentration of 2.5 % and 
used in Examples I and II to illustrate the effect of chitosan oligomers dispersed 
in a chitosan acetate matrix at a 0.05 ratio of chitosan oligomers to chitosan 
30 acetate. 
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oft™ leaves The , ra e teaves are those which follow ,he ,me,g,„, leaves 
(cotyledons) and which resemble .he leaves of the mature plan, in shape The 
treatment protocol was ,„ spray the foliage of the plan, nnti, „ e „ of ^ 
-faces were thorough* waned and solution began to drip mom me leaf tip s , and 

afiowed. As the ptan* increased in size, H was obviou$|y neM m 

.0 ^Tr i ;, S0,UtiO " t0Wet ' ,,e,eaVe! 

oTn-eTel ^'^^^-'^'^—^^acrea. theend 

The following examples are tended to demonsoate that most of me yield 

mcreaae noted when a mixntre of a chitosanaal, and chitosan oligomers is ap lied 
15 .oaptanttadu.tomepreaenc.ofchi.osan oligomers, * the chhosansaT 
makes only a small direct contribution to the beneficial result. 

Example T 

This test waa designed* show the effect of plan, tKmxa ^ 
chnoaan sal, atone .compart » an undated ^ ^ „ 
mixture of chitosan salt and chhosan oligoment. 

diluted m T COnai " i, ' e " % *"■"' was 

d*t,ed ■ 7: , w,,h water. Plants treated whh this aohttion we* designate group A. 

Theaoluuonoomaitung 2.5 % of chitosan acetate phts chiton oligomer 
descrtbedm paragraph! was diluled 17:, with water. P!a„ B .eated^fi, fins 
solurion were designated group B. Undated plaMa were designated „ c 

whe„,h!f '^ rY0, ° W °" te "> ™*^.fieappropria«e solution 

m. the f old m random block fashion such ,ha, each h-earmen, protocol ms 
rephcated e,gh„imes „i«„ ,0 p b „ ts in each replicate, so tha, each « was 
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performed 80 times. Spray treatments with the appropriate solution were applied 
every two weeks until harvest. The crop was harvested by hand over a period of 
several weeks, and total yield for each treatment protocol arrived at by 
5 summation. 

TREATMENT TOTAL YIELD. Grams INCREASE vs UNTREATED 



A (Chitosan Acetate) 



22478 14% 



B (Chitosan Acetate + 26745 
Chitosan Oligomers) 



C (Untreated) 22170 



20.6% 



From the above data it may be concluded that treatment of the plants with 
chitosan acetate alone produced only a slight increase in yield. Inclusion of 
chitosan oligomers in the chitosan acetate matrix results in a dramatic yield 
10 increase that cannot be attributed except in minor part to the chitosan acetate. 



F.Tample II 

Cucumbers ("Milligon") were raised in a commercial greenhouse and 
treated every two weeks with the solutions described in Example I containing 
15 either (A) chitosan acetate alone or (B) containing both chitosan acetate and 
chitosan oligomers. Each test group contained 400 plants. The group treated w,th 
chitosan acetate alone afforded an average of 621 fruits per 100 plants with 
1 1.6% classified by the grower as "small". These results were not significantly 
different from the utreated control. The group treated with a mixture of chitosan 
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acetate and chitosan oligomers afforded an average of 777 fruits per 100 plants • 
with 3.9 % classified by the grower as "small" This represents an increase of 
25. 1% in the number of fruits for the case where chitosan oligomers are 
incorporated into a chitosan acetate matrix compared to the case that where only 
the chitosan acetate matrix polymer was acdied . An additional benefit is that 
fewer undersized fruits were harvested in the case using chitosan oligomers 
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CLAIMS 

What is claimed is: 

5 1. A. method for improving the yield of growing cotyledenous plants having 
their first true leaves comprising (1) applying to the exposed surface of the leaves 
an aqueous liquid solution having dissolved therein 0.005-5.0% by weight of a 
water soluble matrix polymer and having also dissolved therein chitosan 
oligomers in such amount that the weight ratio of chitosan oligomers to matrix 

1 0 polymer is 0.01 to 10.0, and optionally (2) repeating step (1) at least one time 
before harvesting the plant. 

2. The method of claim 1 in which the matrix polymer is a naturally 
occurring water soluble polymer. 

15 . . 

3. The method of claim 1 in which the matrix polymer is selected from the 
group consisting of polysaccharides, polyaminosaccharides, polyaminoacids, and 
alginates. 

20 4. The method of claim 1 in which the matrix polymer is a synthetic water 
soluble polymer. 

5. The method of claim 1 in which the matrix polymer is selected from the 
group consisting of polyhydroxy alkanes, polyhydroxy ethers, and carboxyalkyl 

25 polysaccharides. 

6. The method of claim 1 in which the matrix polymer is a chitosan salt 
prepared by reaction of chitosan with an acid. 
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A composirion for .rearing cotyledonoua plants having ,heir firs, hue 
leaves comprising « aoneous ^ „ 0.005% ,„ 5.0% by weigh, of , 

wat^h,. ^po^^naving^.ssoived^in^iL 
Cgon-ers ,„ stch amonn, tha, * „ eight raio „ f ^ 

polymer is 0.01 to 10.0. V 

8- The composition of claim 7 in which ^ ^ Mymer „ , 
occumng water soluble polymer. 

ft The composition of claim 7 in which the matrix polymer is selected from 
an:~^° f ^^^ in0 ^-*^ 



15 oL oT coraposi,ion of claim 7 in which the ^ * • ««— - 

prepared, by reacnon of chitosan with an acid. 

L jtt* 0 " of ctain 7 h wbich **- * » ***** 

water soluble polymer. 

12. Tte composition of claim 7 in which me mart poivmer is ae.ec.cd from 
the group cons.snng of po, yhy d roxy ^ polyhydro;!y 

carboxyalkyl polysaccharides. 

" " a A T ineCOWed0 " OUSPlMUhefel, ™ elea - of *»^-,ayerof 
aqueous Itqutd sohtrion containing 0.005% ,o 5.0% by weigh, of a water 

3oi„b,e mani, polymer and having also dissolved therein chitnsan oligomer in 
that ,e weigh, ratio of chnosan oIi g omers „ ^ , * 

30 
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14 The cotyledonous plant of claim 13 in which the matrix polymer is a 
naturally occurring water soluble polymer. 

15. The cotyledonous plant of claim 13 in which the matrix polymer is 
selected from the group consisting of polysaccharides, polyaminosaccharides, 
polyaminoacids, and alginates. 

16. The cotyledonous plant of claim 13 in which the matrix polymer is a 
chitosan salt prepared by reaction of chitosan with an acid. 

17. The method of claim 13 in which the matrix polymer is a synthetic water 
soluble polymer. 

18. The method of claim 13 in which the matrix polymer is selected from the 
group consisting of polyhydroxy alkanes, polyhydroxy ethers, and carboxyalkyl 
polysaccharides. 

20 19. The method of claim 1 in which at least a portion of the plant is edible by 
humans. 
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